The perceived orientation of a line or grating is affected by the orientation structure of the surrounding image: the tilt illusion. Here, I offer a selective review of the literature on the tilt illusion, focusing on functional aspects. The review explores the merits of mechanistic accounts of the tilt illusion based upon sensory gain control in which neuronal responses are normalized by the pooled activity of other units. The role of inhibition between orientation-selective neurons is discussed, and it is argued that their associated disinhibition must also be taken into account in order to model the full angular dependence of the tilt illusion on surround orientation. Parallels are drawn with adaptation as modulation by the temporal rather than spatial context within which an image fragment is processed. The chromatic selectivity of the tilt illusion and the extent of its dependence on the visibility of the surround are used to infer characteristics of the neuronal normalization pools and the loci in the cortical processing hierarchy at which gain control operates. Finally, recent evidence is discussed as to the possible clinical relevance of the tilt illusion as a biomarker for schizophrenia.
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Introduction: basic phenomenology and early ideas
Here, I provide a selective review on the tilt illusion that aims to complement rather than supersede previous such reviews (e.g. Schwartz, Hsu, & Dayan, 2007; Wenderoth & Johnstone, 1987) of the now extensive literature. The current review focuses on the functional implications of the tilt illusion and on aspects of its phenomenology that speak to the underlying neural mechanisms. From a functional perspective, I explore the merits of mechanistic accounts based upon sensory gain control implemented through lateral interactions between orientation-selective neurons. In terms of phenomenology, I concentrate on relatively recent developments in establishing the chromatic selectivity of the tilt illusion and its persistence even when the orientation of the inducing stimulus is not perceptible. I draw parallels with adaptation as modulation by successive context, and discuss possible clinical relevance of the tilt illusion as a diagnostic tool in the context of schizophrenia. For a fuller treatment of earlier work on the tilt illusion and its temporal analogue, the tilt aftereffect, I direct the reader towards the review by Wenderoth and Johnstone (1987) . I strongly recommend also the review by Schwartz, Hsu, and Dayan (2007) , particularly for its sophisticated treatment of the modelling literature.
Since the early work of Gibson (1937) , a large body of literature has built up on the characteristics and determinants of the tilt illusion. In the tilt illusion, the presence of an oriented surround stimulus biases the perceived orientation of a simultaneously presented test (Fig. 1A) . The phenomenon shows a characteristic dependence on the angle between the inducing stimulus and the test, illustrated in Fig. 1B . The usual form of this angular tuning function for a vertical test stimulus (0°) in central vision can be summarized as follows. For inducing stimuli between 0°and 50°, the test appears repelled away from the inducer in orientation, with the strongest effect occurring between 10°and 20°(the direct tilt illusion). For larger angles there is a smaller attraction effect, such that the test appears rotated towards the inducer (the indirect tilt illusion). The strongest attraction effect occurs between 75°and 80°(e.g. Over, Broerse, & Crassini, 1972; Wenderoth & Johnstone, 1987) .
The tilt illusion is evident in foveal (Gibson, 1937) and parafoveal vision (Solomon, Felisberti, & Morgan, 2004) , exhibits partial interocular transfer, such that is reduced but not abolished under dichoptic viewing (Virsu & Taskinen, 1975; Walker, 1978) , and is selective for spatial frequency such that illusion magnitude is greatest for test and surround similar in spatial frequency (Georgeson, 1973) . The influence of the surround declines with distance from the test (Mareschal & Clifford, 2013; Virsu & Taskinen, 1975) . Repulsive and attractive effects do not require awareness of the surround orientation (Mareschal & Clifford, 2012) and are observed not only for orientation defined by (first-order) modulations in luminance but also for (second-order) contrast modulations (Smith, Clifford, & Wenderoth, 2001; Wenderoth, Clifford, & Ma Wyatt, 2001 ) and purely chromatic modulations (Clifford et al., 2003a (Clifford et al., , 2003b .
The search for a functional explanation of the tilt illusion dates back to the Normalization Theory of Gibson (1937) . According to the Normalization Theory, vertical and horizontal are norms of visual space.
1 Perception of an orientation tilted away from one of these norms (15°clockwise from vertical, say) over a large area of the visual field will cause the nearest norm to shift in the direction of the inducing orientation (clockwise). As a result, a test at the orientation of the original norm (vertical) will appear rotated from the shifted norm in the opposite direction (anti-clockwise). Thus, the test will appear repelled in orientation away from that of the inducer (Fig. 2) . If the effect on perceived orientation were a simple rotation then one would expect there to be a corresponding attractive effect of the same magnitude for a horizontal test. Gibson (1937) did indeed observe an attractive effect with a horizontal test. However, it was of a smaller magnitude (1.07 ± 0.25°) than the repulsive effect on vertical (2.01 ± 0.22°). To account for the fact that the magnitude of attraction effects is smaller than that of repulsion effects (Gibson, 1937) , Normalization Theory assumes that ''the vertical and horizontal norms . . . may be said to constitute a single system and yet to operate in partial independence''. As Coltheart (1971) points out, this explanation is rather ad hoc. Moreover, the similarity of the angular dependence of the tilt illusion for vertical and oblique test stimuli (O'Toole & Wenderoth, 1977) indicates that consideration of relative rather than absolute orientation is key to understanding the tilt illusion.
The tilt illusion as a consequence of sensory gain control
Primary visual cortex (V1) is the earliest stage of the primate visual processing hierarchy at which neurons showing significant selectivity for stimulus orientation are routinely observed (Hubel & Wiesel, 1968) . Lateral inhibition between neural mechanisms tuned to different orientations was first proposed as an explanation of the repulsive tilt illusion by Blakemore, Carpenter, and Georgeson (1970) and Blakemore, Muncey, and Ridley (1973) . However, a purely inhibitory account of the tilt illusion is unable to explain the existence of an attractive tilt illusion when the surround is remote in orientation from the test (Fig. 3) . To explain the attractive tilt illusion, O'Toole and Wenderoth (1977) extended the lateral inhibition account proposed by Blakemore and colleagues to incorporate disinhibition. Inhibition between mechanisms tuned to different orientations at the same location, as well as between those tuned to the same orientation at different locations, can together lead to disinhibition of mechanisms remote in both position and orientation (Fig. 4) . Such a pattern of interactions can be implemented in the form of a divisive gain control mechanism whereby the responsiveness of orientation-selective mechanisms is normalized by the activity of a pool of other similar units (Goddard, Clifford, & Solomon, 2008; Schwartz, Sejnowski, & Dayan, 2009) .
Modelling the contextual interactions underlying the tilt illusion in terms of sensory gain control is appealing on many levels (although see Solomon & Morgan, 2006;  for arguments against such an account). Gain control can be considered as a canonical neural computation, evident across many brain regions and sensory modalities (Carandini & Heeger, 2011) . Gain control allows a system to be self-calibrating (Andrews, 1964; Clifford, 2005; Ullman & Schechtman, 1982) , changing itself in response to changes in the environment (recalibration) and adjusting to perturbations within the system in an unchanging environment (error-correction). Recalibration and error-correction are fundamental properties of our sensory systems. Thus gain control models of the tilt illusion are likely to be readily applicable to the many other visual modalities where analogous contextual effects are evident.
Unique to the modelling approach of Schwartz, Sejnowski, and Dayan (2009) is that the theoretical motivation for the particular elaboration of standard divisive gain control employed is rigorously based on the statistical properties of natural images (see also Coen-Cagli, Dayan, & Schwartz, 2012; Schwartz & Simoncelli, 2001) . When information about scene segmentation is incorporated into the model it is able to accommodate the attractive as well as the repulsive tilt illusion. Specifically, when test and surround are likely to correspond to different segments of the visual scene, the model neurons responding to the test stimulus receive less normalization from the surround. This is consistent with psychophysical evidence that segmentation cues reduce the magnitude of the repulsive tilt illusion (Durant & Clifford, 2006; Qiu, Kersten, & Olman, 2013) . Indeed, it may also be possible to interpret the chromatic selectivity of the tilt illusion (described in a subsequent section) in terms of the role of chromatic signals in segmenting test and inducer. It has previously been suggested in the context of adaptation that attractive effects might prove particularly diagnostic of the underlying mechanisms (Clifford et al., 2007) . In the context of the tilt illusion, gain control models of the form proposed by Goddard, Clifford, and Solomon (2008) and Schwartz, Sejnowski, and Dayan (2009) are capable of simulating attractive as well as repulsive effects. However, there is a long-standing literature (much of it reviewed by Wenderoth & Johnstone, 1987 ; see also Wenderoth & Johnstone, 1988) indicating that attractive (indirect) and repulsive (direct) effects are at least partially dissociable in terms of the effect of experimental manipulations on their relative magnitude. The evidence is clouded somewhat by the fact that the attractive tilt illusion is a small effect so it is hard for any manipulation to achieve a statistically significant reduction in its magnitude. Nonetheless, Wenderoth and Johnstone (1987) conclude on p. 706 that ''manipulations designed to reduce low-level, putatively V1, contributions to the direct TI reduce that effect roughly to the magnitude of the indirect effect but do not eliminate it altogether''. In the context of gain control models of the tilt illusion, this is consistent with differences in the relative strength of inhibitory and facilitatory interactions across experimental manipulations, possibly as a result of flexibility in weightings within the normalization pool as a result of image segmentation cues (Schwartz, Sejnowski, & Dayan, 2009) . If the mechanism of facilitation is essentially one of disinhibition, then it is to be expected that the magnitude of the (disinhibitory) indirect effect should never exceed that of the (inhibitory) direct effect.
Adaptation: modulation by successive versus simultaneous context
Beginning with Gibson (1937) , researchers have often drawn parallels between the phenomenology of the (simultaneous) tilt illusion and its temporal analogue, the tilt aftereffect. The magnitude of illusion and aftereffect show a similar dependence on the angular difference between test and inducer (Gibson & Radner, 1937) . Like its simultaneous counterpart, the tilt aftereffect shows a similar angular dependence for vertical and oblique test stimuli (Mitchell & Muir, 1976) , displays partial interocular transfer (Paradiso, Shimojo, & Nakayama, 1989) , exhibits a degree of selectivity for colour (Clifford et al., 2003a; Flanagan, Cavanagh, & Favreau, 1990) , can be observed with second-order stimuli (e.g. Hawley & Keeble, 2006) , and does not require awareness of the inducing orientation (He, Cavanagh, & Intriligator, 1996; He & MacLeod, 2001; Rajimehr, 2004) . At the neuronal level, the temporal context in which a stimulus is presented has been shown to affect responses in a way that tends to maintain homeostasis across the population. Specifically, neuronal adaptation to recent stimulus history tends to equalize and decorrelate responding across a population (Benucci, Saleem, & Carandini, 2013) , along the lines of previous theoretical proposals (Barlow & Foldiak, 1989; Clifford, Wenderoth, & Spehar, 2000) , consistent with the operation of a self-calibrating system.
It has become common to talk in terms of analogous mechanisms underlying the tilt illusion and tilt aftereffect, mediated by lateral inhibition and self-inhibition, respectively. The notion of adaptation as self-inhibition is related to the idea that adaptation is the ''psychologist's microelectrode'' (Frisby, 1980) , implicit in which is a linking hypothesis that the stimuli to which a neuron responds and those to which it adapts are one and the same. However, Crowder et al. (2006) found that this is not generally the case. Instead they showed that, for a high proportion of cells in cat V1 and V2, adaptation occurs not only for gratings at the neuron's preferred orientation but also for gratings oriented orthogonal to that orientation, even though this stimulus may not elicit spiking activity above baseline. This pattern of results suggests that adaptation might be better conceptualized not as self-inhibition but as adaptive gain control by a normalization pool. To the extent that the tuning characteristics of the neurons comprising the normalization pool resemble those of the neuron being recorded from, adaptation will resemble self-inhibition. However, when the make-up of the normalization pool is more heterogeneous, adaptation will reflect that heterogeneity rather than the sensitivity of the neuron being recorded from and its gain will be modulated even by the presentation of stimuli to which it gives no response. Thus not only may gain control models of the tilt illusion be applicable to the effects of spatial context in other visual modalities, they may also be of relevance in understanding the mechanisms of adaptation to temporal context.
Chromatic selectivity of the tilt illusion
At the early stages of visual processing in humans and other primates, signals are carried to primary visual cortex (V1) via two opponent chromatic channels and a third, luminance channel (Derrington, Krauskopf, & Lennie, 1984) . It has been suggested that the cortical pathways for colour and form perception maintain this early segregation, with the luminance channel dominating form perception and the chromatic channels driving colour perception (Felleman & Van Essen, 1991; Livingstone & Hubel, 1988; Zeki, 1978) . However, the existence of single neurons selective for both colour and orientation in areas V1, V2 and V3 of non-human primates (Gegenfurtner, Kiper, & Fenstemaker, 1996; Gegenfurtner, Kiper, & Levitt, 1997; Johnson, Hawken, & Shapley, 2001 Lennie, Krauskopf, & Sclar, 1990; Leventhal et al., 1995; McClurkin et al., 1991; Thorell, De Valois, & Albrecht, 1984) argues against a strongly modularized cortical architecture for the processing of these attributes.
Numerous psychophysical experiments have used the tilt illusion to investigate interactions between colour and form processing in human vision. Some early experiments found evidence for chromatic selectivity in the tilt illusion (Lovegrove, 1977; Lovegrove & Badcock, 1981; Lovegrove & Over, 1973 ) while others did not (Wade, 1980) . Livingstone and Hubel (1987) reported that the tilt illusion disappears when orientation is defined by purely chromatic modulations that leave the luminance channel silent, suggesting that the chromatic channels contribute little to orientation processing. However, Clifford et al. (2003b) found that while some subjects show a reduced tilt illusion for isoluminant stimuli at low contrast, the loss of the effect at isoluminance is not a general result. At high contrasts, the tilt illusion shows significant selectivity for the colour/luminance congruence of the test and inducer such that, when test and inducer are congruent in colour, A surround oriented at around 75°has virtually no effect on the response to a test at 0°. Thus, a purely inhibitory account of the tilt illusion is unable to account for the existence of the attractive effects observed experimentally with inducers remote in orientation from the test. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) the magnitude of the direct effect is around double that for a chromatic test and luminance inducer (Clifford et al., 2003a (Clifford et al., , 2003b Forte & Clifford, 2005) . Significant chromatic selectivity was also observed for the indirect tilt illusion (Clifford et al., 2003b) . To establish chromatic selectivity at monocular and binocular levels of processing, Forte and Clifford (2005) investigated the inter-ocular transfer of the direct tilt illusion for test and inducer gratings defined either by achromatic (light-dark) or isoluminant (red-green) modulations. For congruent test and inducer modulations, inter-ocular transfer was partial but incomplete, close to 80%. For incongruent test and inducer, however, the magnitude of the dichoptic tilt illusion was essentially identical to that of the monocular condition. This complete inter-ocular transfer for incongruent test and inducer implicates a purely binocular mechanism (Fig. 5AB ). This in turn indicates that the monocular component of the tilt illusion is entirely colour-selective, as inter-ocular transfer was incomplete only for congruent test and inducer. The binocular component, however, showed only weak colour selectivity as the magnitude of the dichoptic tilt illusion was almost as large in the incongruent as the congruent conditions.
In human visual cortex, recent evidence from fMRI studies using a range of techniques including adaptation (Engel, 2005) and multivariate pattern classification (Seymour et al., 2010; Sumner et al., 2008) suggests conjoint tuning of colour and orientation (McDonald et al., 2009 (McDonald et al., , 2010 . Given that extrastriate cortex is generally held to be essentially binocular, with the vast majority of neurons receiving input originating from both eyes (Gonzalez & Perez, 1998) , the evidence from neuroimaging stands in contrast to psychophysical data from the tilt illusion indicating that orientation processing only shows strong colour selectivity at monocular levels (Forte & Clifford, 2005) .
How can we reconcile evidence of significant colour/luminance selectivity in orientation processing across human visual cortex from neuroimaging studies (Engel, 2005; McDonald et al., 2009 McDonald et al., , 2010 Seymour et al., 2010; Sumner et al., 2008) with behavioural evidence from the tilt illusion for essentially cue-invariant processing at binocular levels of the visual system (Forte & Clifford, 2005) ? One possibility is that the chromatic selectivity of orientation processing observed in neuroimaging studies may in large part be a reflection of selectivity in the responses of individual neurons. In contrast, chromatic selectivity as measured behaviourally through the tilt illusion likely reflects selectivity in lateral interactions between neurons. For lateral interactions to be as selective as individual neurons, the interactions must occur specifically between neurons sharing the same selectivity. Any lack of specificity in the functional connections between neurons can only serve to diminish the selectivity of lateral interactions below the level of the individual response selectivity. The apparent contradiction between the results of neuroimaging studies and the weak colour selectivity of the inter-ocular tilt illusion could then be reconciled by the existence of neurons at binocular levels of human visual cortex whose response is jointly selective for colour and orientation but whose gain is controlled by interaction with a pool of neurons of broad or heterogeneous chromatic selectivity. 
Does the tilt illusion require awareness of the surround orientation?
A number of ingenious methods have been devised for manipulating stimulus visibility such that information available from the retinal image does not necessarily reach awareness (Kim & Blake, 2005) . Techniques such as binocular rivalry suppression (Alais & Blake, 2005) and visual masking (Ogmen & Breitmeyer, 2006) have been applied to the tilt illusion in an attempt to elucidate the underlying mechanisms and establish whether and to what extent orientation-specific contextual interactions can operate outside of awareness. Clifford and Harris (2005) demonstrated that an oriented surround grating can affect the perceived orientation of a central test grating even when backward masking of the surround prevents its orientation from being consciously perceived. The effect under masking showed partial interocular transfer, demonstrating orientation processing by a network of binocular neurons in visual cortex in the absence of conscious orientation perception. They reasoned that the overall magnitude of the tilt illusion probably reflects an aggregate of interactions across various levels of the cortical processing hierarchy. If perception of orientation also monitors neural activity across these areas, then the effects of masking on orientation perception and simultaneous orientation contrast should be constrained by the operating characteristic relating these two measures in the unmasked condition (Fig. 6) . Specifically, the effect of masking on perception of the surround and on the magnitude of simultaneous orientation contrast would be to reduce effective stimulus strength without changing the operating characteristic relating the two measures (see also Clifford, Harris, & Arabzadeh, 2010) . Clifford and Harris (2005) measured the tilt illusion as a function of surround contrast, with and without backward masking of the surround. In an additional experiment they also measured subjects' ability to report whether the orientation of the surround was +15°or À15°from vertical. They found that an oriented surround affects the perceived orientation of a central test even when backward masking of the surround completely prevents its orientation from being consciously perceived. This indicates that activity in early visual cortical areas may not contribute directly to the content of conscious perception. Instead, their results are consistent with the tilt illusion being mediated at multiple levels of the visual processing hierarchy (Fig. 5C ). The reduction in magnitude of the tilt illusion observed under masking suggests that a component of the unmasked effect involves areas whose activity normally contributes to conscious perception of orientation. However, the existence of a tilt illusion even when masking renders the orientation of the inducing grating invisible demonstrates the involvement of orientation processing mechanisms whose activity is not consciously perceived.
Early studies using binocular rivalry to suppress the surround stimulus in the tilt illusion yielded equivocal results (Rao, 1977; Wade, 1980) . Rao (1977) reported that the tilt illusion under dichoptic presentation was eliminated when the surround stimulus was suppressed. Wade (1980) , on the other hand, found that the magnitude of the tilt illusion was unaffected by binocular rivalry. This issue was revisited more recently by Pearson and Clifford (2005) . By parametrically manipulating surround contrast, they demonstrated that a suppressed inducing pattern has the same qualitative effect as a visible one, but suppression reduces effective contrast by a factor of around six (Fig. 7A) . For low contrast surrounds, the tilt illusion was eliminated by rivalry suppression. For high contrast surrounds, however, illusion magnitude was unaffected.
The results of Pearson and Clifford (2005) demonstrate that binocular rivalry suppression operates in a graded fashion across multiple sites in the visual hierarchy (Fig. 5D ) rather than truncating processing at a single site. If, instead, the effect of suppression were (Virsu & Taskinen, 1975) . (B) When centre and surround are incongruent in colour, the dichoptic illusion is of the same magnitude as the monoptic, indicating that interactions are only occurring at binocular levels of processing (Forte & Clifford, 2005) . (C) The tilt illusion under backward masking saturates at a smaller magnitude than without masking of the surround, indicating that processing of the surround is truncated prior to the final stage(s) of interaction with the test. However, the illusion shows a degree of interocular transfer under masking, demonstrating that this truncation is occurring at a binocular level of processing (Clifford & Harris, 2005) . (D) Binocular suppression attenuates the effect of the surround, reducing its effective contrast in inducing the tilt illusion. With a full contrast surround, the magnitude of the illusion under binocular suppression reaches the same level at which the illusion saturates in the absence of suppression, indicating that the level of processing at which the surround is blocked from reaching awareness is subsequent to the final stage of interaction with the test (Pearson & Clifford, 2005) . Conventions in this figure are as follows: C -centre; S -surround; I -interaction; P -percept. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
to eliminate interactions between the representation of the dominant and suppressed stimulus beyond some point in the processing hierarchy then, as inducer contrast increases, the magnitude of the illusion would be expected to saturate at a lower value under suppression than under dominance. Just such a pattern of results was observed by Clifford and Harris (2005) when backward masking of the surround was used to truncate processing of the tilt illusion (Fig. 7B) . However, in the binocular rivalry experiments of Pearson and Clifford (2005) the effect of suppression was a lateral rather than a downward shift of the illusion versus surround contrast function (Fig. 7A) .
A recent study has shown that the indirect as well as the direct tilt illusion can persist without awareness of the inducer orientation. Mareschal and Clifford (2012) designed a reverse-correlation technique to measure the influence of the surround on the perception of the target as a function of surround orientation and timing. Subjects made forced-choice judgments of whether objectively vertical gratings presented at 2 s intervals appeared tilted clockwise or anti-clockwise from vertical. The surround was continuously present and its orientation updated every frame (11.7 ms). Perceptual integration ensured that the rapid succession of surround gratings effectively masked one another so that observers were at all times blind to their orientation. Mareschal and Clifford (2012) nonetheless found that direct and indirect tilt illusions occurred reliably and over a similar time course, implicating a single mechanism operating in the early stages of visual processing before conscious extraction of the surround orientation.
6. Inter-individual differences in the magnitude of the tilt illusion: clinical significance to schizophrenia?
It has long been appreciated that there can be marked individual differences in the magnitude of illusions of perceived orientation (Witkin & Asch, 1948) . Recently, Song et al. (2013) reported that the magnitude of the repulsive tilt illusion varied between observers in a consistent fashion independent of stimulus size or contrast. In addition, using dynamic causal modelling of the fMRI BOLD signal, they found that the effective connectivity from peripheral to foveal primary visual cortex correlated with interindividual differences in the magnitude of the illusion. A recent fMRI study (Seymour et al., 2013) has demonstrated abnormally weak orientation-specific contextual modulation in primary visual cortex of schizophrenic patients. Thus, extrapolating from the findings of Song et al. (2013) with normal subjects, one might expect patients with schizophrenia to show correspondingly weak tilt illusions. Indeed, on the basis of data showing profoundly reduced contextual modulation of perceived contrast in patients with schizophrenia (Dakin, Carlin, & Hemsley, 2005) , it has been hypothesized that visual deficits in schizophrenia may result from abnormalities in gain control and thus that attenuated contextual modulation may be a general property of the visual system in schizophrenia (Butler, Silverstein, & Dakin, 2008) .
However, two recent studies addressing this hypothesis have failed to find a significant difference in the magnitude of the repulsive tilt illusion between patients with schizophrenia and controls (Tibber et al., 2013; Yang et al., 2013a) . Across a group of patients suffering from schizophrenia or bipolar disorder, Yang et al. (2013b) found that stronger repulsive tilt illusions were actually associated with greater, not lesser, symptom severity and duration of illness. However, Tibber et al. (2013) failed to find such a relationship between symptom strength and magnitude of the repulsive tilt illusion in patients with schizophrenia. Yang et al. (2013b) conclude that further investigation is required to establish the usefulness of particular contextual effects such as the tilt illusion for clinical studies of schizophrenia.
A fruitful avenue of research in this regard would be the development of a bias-free measure of the tilt illusion. As pointed out by Morgan (2014) , the method of single stimuli traditionally used to measure the magnitude of effects such as the tilt illusion confounds genuine perceptual effects with changes in the observer's decision criterion. If the observer is biased to select one of the two response alternatives more than the other when unsure of the response, the resulting psychometric function will shift in a manner indistinguishable from a perceptual shift. Eliminating effects of decision criterion on the measured magnitude of the tilt illusion would make it a more sensitive behavioural instrument with which to detect differences in perceptual processing between clinical populations and controls.
Consider the typical situation for measuring the tilt illusion where an observer is required to report whether a grating appears rotated clockwise or anti-clockwise relative to a cardinal orientation in the presence of a tilted surround. If, for example, the observer tends to report the orientation opposite to that of the test when in doubt about its absolute orientation then the measured tilt illusion will be artefactually inflated. Of course, it is possible to avoid such a bias by masking the surround such that its orientation is not perceptible (Clifford & Harris, 2005) . However, the measured magnitude of the tilt illusion will then depend not only upon the orientation-specific perceptual processes mediating the tilt illusion but also upon the efficacy of the mask, which will itself likely vary from one observer to the next. Instead, I suggest that a two-interval twoalternative forced-choice method to measure the tilt illusion, perhaps similar to that proposed for measuring the effect of adaptation on tilt perception (Morgan, 2014) , would constitute a significant methodological innovation.
Concluding remarks
Seventy-seven years after the publication of Gibson's original paper, the tilt illusion remains one of the clearest examples of the importance of context in perception. It appears to be mediated by inhibitory and disinhibitory interactions between orientationselective mechanisms at multiple levels of the cortical processing hierarchy. I have argued that these mechanisms can be understood in terms of gain control, the hallmark of self-calibrating sensory systems, in the same way as adaptation to temporal context. The tilt illusion has proved a valuable tool in establishing the extent of unconscious processing in human visual cortex and in investigating the degree of cue invariance with which orientation is processed. The magnitude of the tilt illusion has long been known to show marked inter-individual differences, and I anticipate that it may yet find clinical relevance as a biomarker for neurological disorders in which mechanisms of gain control are impaired, possibly including schizophrenia.
